
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2012/0232731 A1 

Sujan et al. (43) Pub. Date: 

US 20120232731A1 

Sep. 13, 2012 

(54) 

(76) 

(21) 

(22) 

(63) 

(60) 

METHODS, SYSTEMS, AND APPARATUSES 
FOR DRIVELINE LOAD MANAGEMENT 

Inventors: Vivek Anand Sujan, Columbus, IN 
(US); Morgan MacKenzie 
Andreae, Columbus, IN (US); 
Martin T. Books, Columbus, IN 
(US); Xi Wei, Asbury, IA (US) 

Appl. No.: 13/343,559 

Filed: Jan. 4, 2012 

Related U.S. Application Data 

Continuation of application No. 13/342,800, filed on 
Jan. 3, 2012. 

Provisional application No. 61/428.902, filed on Dec. 
31, 2010. 

EAS8i 
SSE; 

- 88 

PERATR 
NTERACE 

(51) 

(52) 

(57) 

Publication Classification 

Int. C. 
B60/20/00 (2006.01) 
B60V I/06 (2006.01) 

U.S. Cl. ........................................... 701/22; 701/102 

ABSTRACT 

A method includes interpreting a powertrain load variation 
amplitude and an internal combustion engine output profile. 
The method further includes determining an engine output 
differential in response to the powertrain load variation 
amplitude and the internal combustion engine output profile. 
The method further includes providing an energy accumula 
tor sizing parameter and/or an alternate motive power pro 
vider sizing parameter in response to the engine output dif 
ferential. 
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METHODS, SYSTEMS, AND APPARATUSES 
FOR DRIVELINE LOAD MANAGEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 13/342,800, filed Jan. 3, 2012, 
which claims the benefit of U.S. Provisional Patent Applica 
tion No. 61/428,902 filed Dec. 31, 2010, each of which is 
incorporated herein by reference in the entirety for all pur 
poses. 

BACKGROUND 

0002 The present application relates to managing a driv 
eline load strategy, and more particularly, but not exclusively 
to improve fuel economy through driveline load manage 
ment. Present approaches to driveline load management Suf 
fer from a variety of limitations and problems including those 
respecting driver interaction and desires regarding fuel effi 
ciency, travel time and non-driver imposed conditions. There 
is a need for the unique and inventive methods, systems and 
apparatuses for driveline load management disclosed herein. 

SUMMARY 

0003. One embodiment of the present invention is a 
unique driveline load management system. Other embodi 
ments include unique methods, devices, and apparatuses to 
manage driveline load. Further embodiments, forms, objects, 
features, advantages, aspects, and benefits shall become 
apparent from the following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

0004 FIG.1 is a schematic illustration of a vehicle includ 
ing an exemplary driveline load management system. 
0005 FIG. 2 is a flowchart illustrating an exemplary con 

trol procedure for initiating a driveline load management 
procedure. 
0006 FIG. 3 is a flowchart illustrating an exemplary driv 
eline load management procedure. 
0007 FIG. 4 is a flowchart illustrating another exemplary 
driveline load management procedure. 
0008 FIG. 5 is a schematic diagram of a system for 
improving a hybrid drive system efficiency. 
0009 FIG. 6 is a schematic diagram of an apparatus for 
improving a hybrid drive system efficiency. 
0010 FIG. 7 is a schematic diagram of an apparatus for 
providing a hybrid drive system having improved efficiency. 
0011 FIG. 8 is an illustration depicting an example opti 
mal torque trajectory. 

DETAILED DESCRIPTION 

0012 For purposes of promoting an understanding of the 
principles of the invention, reference will now be made to the 
exemplary embodiments illustrated in the figures and specific 
language will be used to describe the same. It will neverthe 
less be understood that no limitation of the scope of the 
invention is thereby created, and that the invention includes 
and protects Such alterations and modifications to the illus 
trated embodiments, and Such furtherapplications of the prin 
ciples of the invention illustrated therein as would occur to 
one skilled in the art to which the invention relates. 
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0013 Reduction in pollution and improvement in fuel 
economy has driven a demand in improving fuel consumption 
of automobiles and trucks in certain applications. Low fuel 
efficiency and high annual fuel consumption properties of 
vehicles, such as line-haul Class 8 truck applications, hold 
substantial promise for fuel economy benefits even if a small 
percent improvement in fuel consumption can be obtained. 
These vehicles often drive over varying terrain grade, requir 
ing substantial use of throttle and brake behaviors. Kinetic 
and potential energy is lost during these transitions which 
results in added fuel consumption. Hybrid powertrain appli 
cations including both an internal combustion engine and an 
electric motor can capture and return of at least Some lost 
kinetic and potential energy. A driveline load management 
strategy of one embodiment of the present invention may be 
employed Substantially in a hybridized vehicle using a paral 
lel hybrid architecture to improve fuel consumption of 
vehicles such as line-haul Class 8 trucks. 

0014. A further embodiment includes: providing a driv 
eline load management system including a hybrid drive sys 
tem having a fuel-driven motive power Source, an electric 
motive power source, and an energy storage system; provid 
ing a hybrid controller structured to receive operator interface 
data, geographical position data, past duty cycle data and 
operating conditions data; determining an anticipated driv 
eline load duty cycle in response to operator interface data, 
the geographical position data, the past duty cycle data and 
the operating conditions data; selecting a current operating 
mode in response to the anticipated driveline load duty cycle; 
and providing one or more current operating parameters in 
response to the current operating mode. 
0015 Still a further embodiment of the present invention 
includes a system for driveline load management within a 
hybrid drive system of a line haul truck. A system of one 
embodiment may provide responses in driveline operation 
mode based on upcoming conditions. Driveline operations 
may include, but are not limited to, a cooling system, an 
internal combustion engine, a regenerative braking system, 
an emission system and combinations thereof. The upcoming 
conditions may include, but are not limited to, a hill, a slope, 
a grade, a stop and combinations thereof. 
0016. In another embodiment, the hybrid drive system 
may include a parallel pre-transmissionarchitecture acting to 
Supplement a primary fuel-driven engine power with electri 
cal motive power. The energy may be drawn out and stored in 
an energy storage system or a battery during braking events. 
The energy may subsequently be provided during an engine 
loading event such as an incline if the State of charge of an 
energy storage system is above a threshold Such as greater 
than 0%. Torque requirements of engine loading events may 
be met by the engine up to an engine power threshold and 
attempts may be made to maintain engine operation on an 
efficiency line as it provides its power output through power 
from an energy storage system Supplying energy to the elec 
trical motive power source. In yet another embodiment of the 
present invention, the hybrid system may produce an operat 
ing condition based on an anticipated duty cycle. Operating 
condition responses may include a regenerative brake opera 
tion in which energy is captured; a preparation operation in 
which the battery is unload by boosting the engine or by 
reducing the torque contribution of the engine and Supple 
menting with the motor, a boost operation to aid in an incline 
assent; a start-stop operation which includes an energy cap 
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ture and return contained module; and a speed regulation 
operation Such as a system generated cruise control before the 
next operation mode. 
0017 For one aspect of such an architecture, intelligent 
algorithms allow the capture and storage of kinetic energy 
from a driveline during variations in a duty cycle Such as 
terrain grade variation and start-stop frequency. Storage of 
captured energy or regenerated potential may be accom 
plished using a variety of storage mechanisms such as chemi 
cal (batteries, ultra-capacitors, etc.), fluidic (pneumatic, 
hydraulic reservoirs, etc.), mechanical (flywheels, etc.), and 
others. Captured energy may then be returned to the driveline 
during portions of a duty cycle when, for example, accelera 
tion is required by variations in travel conditions such as an 
ascent of a hill or a launch following a stop. Intelligent energy 
capture-and-return from a driveline load management strat 
egy allows driveline operating conditions with lower fuel 
consumption and reduced driver related losses. Given a rela 
tive variation in terrain grade, there may be a potential fuel 
consumption benefit in using a driveline load management 
system for a parallel hybrid system with energy storage capa 
bilities. 

0018 Referencing FIG. 1, still a further embodiment is 
depicted as hybrid system 100. System 100 includes driveline 
load management of a hybrid powertrain 101. Hybrid pow 
ertrain 101 has a fuel-driven motive power source 102 and an 
electrical motive power source 104 each capable of contrib 
uting to vehicular propulsion. Hybrid powertrain 101 illus 
trated in FIG. 1 is configured with a parallel arrangement 
101a, where a fuel-driven motive power source 102, an elec 
trical motive power source 104, or both may apply torque to 
a driveline 106 to propel a vehicle 101b or otherwise meet a 
load demand. However, hybrid powertrain 101 may be any 
arrangement understood in the art that is at least partially 
parallel, including without limitation parallel or series-paral 
lel architectures. In the depicted system 100, fuel-driven 
motive power source 102 is a form of reciprocating piston 
internal combustion engine 102a, and more particularly is of 
a diesel-fueled reciprocating piston engine 102b. Also, the 
depicted system 100 more particularly includes an electrical 
motor/generator 104a form of electrical motive power source 
104. However, it should be understood that other embodi 
ments of the present invention may have a different type of 
fuel-driven motive power source 102 and/or electrical motive 
power source 104. 
0019. Driveline 106 is mechanically coupled to fuel 
driven motive power source 102 and electrical motive power 
source 104. In the arrangement illustrated in FIG. 1, a com 
ponent 116 receives power input from fuel-driven motive 
power source 102 and/or electrical motive power source 104, 
and can further provide power to power sources 102,104, for 
example to charge an energy storage system 110 through a 
regenerative braking system or re-start fuel-driven motive 
power source 102 during driveline operation. Component 116 
of hybrid powertrain 101 as shown may include without limi 
tation a fully automatic, semiautomatic, or manual transmis 
sion 116a, a torque converter, a gear splitter, a differential, a 
deep reduction gear, one or more clutches, and/or any other 
device known in the art that is in the torque path between 
either of power sources 102, 104 and a final load 118. In the 
depicted arrangement, energy storage system 110 is in the 
form of at least one battery 110a containing multiple electro 
chemical cells to store electrical energy, and load 118 is in the 
form of traction wheels 118a to propel an on-road or off-road 
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form of vehicle 101b. Alternatively or additionally, fluid 
based (pneumatic and/or hydraulic) energy storage, mechani 
cal energy storage (such as a flywheel to store energy kineti 
cally), and/or energy management in the form of waste heat 
recovery can be used, to name just a few examples. 
0020. In hybrid system 100, several operating modes exist. 
Regenerative brakes may be charging energy storage system 
110 during a downhill or coasting event. Electrical motive 
power source 104 may be providing a boost to driveline 106 
during an incline, for example, ifa condition, such as the State 
of Charge (SOC) of battery 110a-0% for energy storage 
system 110 exists. Fuel-driven motive power source 102 may 
be operated to meet torque requirements up to an engine 
power threshold. Electrical motive power source 104 may 
supplement with a boost to driveline 106. 
0021. Each operating mode may have efficiency limita 
tions in response to geographical position and upcoming con 
ditions. System 100 may be capable of determining an 
increased fuel efficient travel line for such conditions. When 
system performance is determined to further benefit from 
system capabilities, performance requirements of some or all 
the equipment can be reduced, such that overdesign of the 
same for peak performance can be avoided. 
0022. Fuel-driven motive power source 102 may be con 
figured with an emission system 108 to handle exhaust gases 
produced during the operation of fuel-driven motive power 
Source 102. Exhaust gases are conditioned within emission 
system 108 to remove substances such as NO, SO, soot or 
the like. Hybrid system 100 may also be configured with a 
cooling system 112 to provide thermal management for vari 
ous components such as fuel-driven motive power source 
102, energy storage system 110, electrical motive power 
Source 104, emissions system 108, a passenger compartment 
(not shown) or the like. 
0023. A hybrid controller 120 operates to coordinate the 
operation of both power sources 102, 104, energy storage 
system 110, cooling system 112, emission system 108, and 
other such subsystems. Controls for these subsystems may be 
physically combined in any combination or stand as separate 
units. Single hybrid controller 120 is shown for ease of 
description. Controller 120 provides hardware and software 
for performing functions described herein. Controller 120 
includes a Global Positioning System (GPS) subsystem 122 
or known component for determining a position of vehicle 
101b along a route. Positioning signals may be utilized to 
improve hybridization benefits with driveline load manage 
ment strategies. Fuel economy benefits may be realized by 
using a positioning system such as a GPS and computerized 
terrain maps to help predict upcoming engine load changes. 
0024. In another embodiment, system 100 may be able to 
exchange information with an operator. The system may be 
able to suggest preliminary operator behavior and provide 
feedback regarding desired efficiencies. In FIG. 1, controller 
120 is connected to an operator interface 130 for providing 
information to an operator and, optionally, obtaining operator 
inputs. Operator interface 130 may be any known interface 
mechanism including, but not limited to, a monitor, a key 
board, a touch screen, a Switch panel, a Voice recognition 
system, an audible presentation system and combinations 
thereof. 

(0025 Controller 120 of system 100 in FIG. 1 includes 
memory as well as a number of inputs and outputs for inter 
facing with various sensors and systems. Controller 120 can 
be an electronic circuit including of one or more components, 
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having digital circuitry, analog circuitry, or both. Controller 
120 may be a software and/or firmware programmable type: 
a hardwired, dedicated State machine; or a combination of 
these. In one embodiment, controller 120 is of a program 
mable microcontroller Solid-state integrated circuit type that 
includes memory and one or more central processing units. 
The memory of controller 120 may be comprised of one or 
more components and may be of any volatile or nonvolatile 
type, including the Solid-state variety, the optical media Vari 
ety, the magnetic variety, a combination of these, or other 
types of memory. 
0026 Controller 120 may be dedicated to the control of 
just the operations described herein or to sub controlled 
aspects of system 100. In any case, controller 120 preferably 
includes one or more control algorithms defined by operating 
logic in the form of Software instructions, firmware instruc 
tions, dedicated hardware, or the like. These algorithms will 
be described in greater detail hereinafter, for controlling 
operation of various aspects of system 100. 
0027. An embodiment of the present invention may 
include a method where data is received and provided to an 
anticipating module in a controller. The anticipating module 
produces an operating mode by which the controller operates 
the system. The operating mode may include an engine with 
or without a torque assist, a driveline with or without regen 
erative braking, a cooling System engaged or not engaged, 
and an emission system relating to temperature, dosing of an 
emission system or the like. Yet a further embodiment 
includes a method comprising: receiving operating data and 
forecasting a driveline load performance characteristic. The 
forecast may be used by controller 120 to anticipate a capture 
or return event. The forecast is evaluated for possible opera 
tion mode modifications to improve a selected performance 
characteristic. System 100 is then operated to participate in 
the capture event. The method of this embodiment may con 
tinue to monitor the performance characteristic and monitor 
the forecast based on position. With one aspect of the present 
invention, system 100 may forgo modes triggered by Sub 
systems such as the emission system if a driveline operation 
Such as, but not limited to, engine performance is approaching 
a condition change. 
0028 FIG. 2 is a flowchart illustrating an exemplary driv 
eline load management procedure 200. The operating logic of 
controller 120 is structured to perform operations of proce 
dure 200 as appropriate. Module 210 is a data retrieving 
module which may retrieve data from a GPS module 202, an 
operator interface module 204, a stored data module 206, an 
operating condition module 208 or combinations thereof. The 
GPS module 202 may include absolute position or predictive 
data regarding a travel line Such as hills, slopes, stops, speed 
and other terrain characteristics along the route. 
0029 Operator interface module 204 may include a pref 
erence selection Such as increased fuel economy mode, 
reduced travel time mode, cruise control mode, and route 
characteristic mode such as highway or city routes. Operator 
interface module 204 may also include other goals/targets 
Such as, but not limited to, noise reduction, speed regulation, 
and emission profiles. Such goals/targets may come from a 
fleet owner policy or municipal regulation to name just a 
couple of examples. 
0030 Stored data module 206 may include stored infor 
mation regarding terrain profiles and past duty cycles as well 
as future route data and operator preferences. Operating con 
dition module 208 may include acceleration torque request, 
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deceleration torque request, vehicle speed, system tempera 
tures, emission system status, travel duration and the like. 
One embodiment of the present invention may include mod 
ule 210 receiving operating data Such as, but not limited to, 
regeneration activation, downgrade slope, low state of charge, 
efficiency mode and the like. 
0031 Module 210 retrieves data from modules 202, 204, 
206, and 208 and procedure 200 proceeds to module 220 
which estimates duty cycle. Module 220 determines an antici 
pated duty cycle in response to the data retrieved in module 
210. The anticipated duty cycle may include road character 
istics, landscape features, ascents, descents, route imposed 
characteristics and the like. The anticipated duty cycle may be 
near term in relation to time or distance. With anticipated duty 
cycles, calculations for converting a dynamic force to energy 
may be applied to the operating parameters of a hybrid sys 
tem 

0032 Referring additionally to FIG. 5, the power require 
ments of a particular route may be modeled as a function of 
amplitude (A) and wavelength (W) with respect to vertical 
(y(m)) and horizontal (X(m)) axes. Based on this representa 
tion, several mathematical relationships arise as follows: 

8) = dy Ed. 1 
tan(8) = dy 

27ty Ed. 2 y = Asin 
2(2) 2C) () Ed. 3 0=atan A-cos 

P(x) = y. (). (2) . sin(0) Ed. 4 

Ed. 5 

() = red-co Porlds C 
Ed. 6 (2) = Podt =0 P(x)ydy 

(g) indicates text missing or illegiblewhen filed 

0033 Calculations may include determining the power 
required to maintain speed, determining a current power 
requirement, and/or executing an energy regeneration opera 
tion if the net power requirements are <0 kW. Available 
energy is the local potential energy change at each accent/ 
decent. When vehicle kinetic energy is held constant, poten 
tial energy change is only a function of amplitude (A) and not 
wavelength (W). 
0034) Module 230 is a selection module which takes the 
retrieved data from module 210 and the anticipated duty cycle 
from module 220 to select an operating mode. The operating 
mode may include energy capture and storage, energy return, 
energy capture and return, energy storage adjustments, and 
performance control. 
0035. The operating mode provides input to module 240, 
which provides operating parameters in response to the oper 
ating mode selected in module 230. Providing the operating 
parameters in module 240 may include regeneration and Stor 
age commands for energy capture modes, boost or launch 
commands for energy return modes, start-stop commands for 
energy capture and return modes, boost or Supplementation 
commands for energy storage adjustment, and cruise control 
allocation or integration commands for performance control 
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modes. Module 240 may also contribute to module 250, an 
operator module, or module 260, a communication module. 
0036 Module 250 may deliver operator feedback includ 
ing indication of ability to power with regenerative braking, 
warning against modification during an operating mode, or 
input regarding system override or operating targets. Opera 
tor behavior may also have an effect on fuel consumption. 
Operator behavior factors may include the amount and rate of 
deviation from a target speed as an operator fluctuates 
between acceleration and deceleration torque requests. 
Operator behavior may lead to more coasting, which results 
in fewer regenerative braking opportunities and therefore a 
reduced hybridization benefit. 
0037 Module 260 may provide communication with other 
controls including coordination of carrying out adaptations to 
the electric drive system and commanding a performance 
modification function. The driveline load management sys 
tem of this embodiment may also make use of the cruise 
control mode allowing for Small deviations from the target 
speed to harvest the energy in undulating road load condi 
tions. A speed regulation operating mode considering an 
anticipated duty cycle may operate similar to a cruise gover 
nor for driveline load management. 
0038 An exemplary duty cycle determination procedure 
300 is shown in FIG.3, which may be executed to implement 
module 220. Operating logic of controller 120 is structured to 
implement procedure 300 as applicable. Procedure 300 uses 
data logging apparatus 304 and satellite positioning equip 
ment 302 among other input apparatus to retrieve data and 
inputs in module 310. The inputs of module 310 may be used 
to evaluate past duty cycles. Past duty cycles may then be 
interpreted in terms of driver preferences or expectations in 
module 320 for operating modes such as reducing time to 
destination, reducing fuel consumption, reducing exhaust gas 
emissions, selecting road characteristics Such as highway 
versus city streets and the like. It should be appreciated that 
operating preferences may also be imposed by a non-driving 
vehicle owner or municipal regulation Such as, but not limited 
to speed regulation, noise reduction, idling periods, and the 
like. The preferences are used in module 320. 
0039. With data logging and satellite positioning systems 
of the present invention, the engine control system may be 
able to anticipate a near-term future duty cycle event in mod 
ule 330 such as, but not limited to, approaching a large hill, 
terrain characteristics like undulations and curves, braking 
limitations, start-stop frequencies, a speed-controlled area, or 
a weigh station. 
0040. The embodiment of the present invention in FIG. 3 
allows the engine control system to determine a current oper 
ating state in module 340 for various subsystems of the hybrid 
drivetrain such as the fuel-driven motive power source, the 
electrical motive power source, the cooling system, the emis 
sion system, and the regenerative braking system. Operating 
states for other Subsystems are contemplated. Engine controls 
according to the present invention may be tuned for current 
operating state for future events in module 350 to provide 
operating preferences. 
0041. In one exemplary embodiment, if a duty cycle 
includes an approaching hill, a doser fuel is not added to 
regenerate the emissions system in anticipation of the hill 
climb which will create the necessary high temperature 
exhaust gases. In another example, as a vehicle approaches 
the crest of a hill, the current thermal inertia of the cooling 
system is applied to a calculation to determine whether the 
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vehicle is able to crest the hill without turning on a cooling fan 
and not exceeding thermal limits. By anticipating the kinetic 
energy events in the near-term duty cycle, a control system is 
able to operate at the outer limits of the operating margins. 
0042 Operating modes with a lower speed at a high power 
may operate in a more efficient region while sacrificing 
vehicle speed. An operator may accept a drop in vehicle speed 
when on an uphill grade. Operating modes with increased 
speed at lower power may gain extra momentum to be used 
after the end of a downgrade segment. Bottom breakpoint has 
lower torque than that required on flat road. An operator may 
accept an increase in vehicle speed when on downhill grade. 
0043. Various embodiments of the present application use 
historic data, current position, operating condition, and 
anticipated future route data to determine a selected operating 
state of the engine, the driveline, the cooling system, and the 
emissions system—at one instant, and over the next interval 
of time. Control of operating states, tuned to the local and 
future operating conditions has the capability to reduce fuel 
consumption and emissions along with reductions of engine, 
cooling system, and emissions systems costs. 
0044 One exemplary aspect of the present application is a 
beneficial technique for providing energy savings and trans 
fer for a line-haul truck over an undulating terrain which may 
also have the added benefit of extending the service brake life. 
As observed with varying terrain grade routes, operating 
modes that include throttling and braking back and forth are 
considered wasteful of energy (both fuel and kinetic energy) 
and may reduce the life of any component. Operating the 
vehicle with a driveline management system may reduce the 
wasted energy by anticipating throttle and brake demands and 
modifying operations accordingly. 
0045 An exemplary driveline load management proce 
dure 400 is shown in FIG. 4. Operating logic of controller 120 
is structured to implement procedure 400 as applicable. Pro 
cedure 400 begins by receiving input Such as navigation pre 
dictive data on the terrain of the travel route. Procedure 400 
then forecasts in module 410 a driveline load profile which 
determines an anticipated sequence of driveline commands to 
improve operating conditions in module 420. Procedure 400 
may then operate the anticipated sequence of driveline com 
mands in module 430 which may include allowing a cruise 
control set point to float above and below predetermined or 
operatorestablished limits. Procedure 400 continues to moni 
tor the driveline load profile and operating conditions in mod 
ule 440. 
0046. This aspect takes advantage of the engine system 
(and potential other systems such as a waste heat recovery 
system) to further increase the fuel economy of line-haul 
trucks. A driveline load management algorithm Suited for a 
parallel hybrid driveline architecture may demonstrate 
hybridization benefits during varying road load conditions 
seen during a typical line-haul truck route. Another aspect of 
the present invention is to improve the hybridization potential 
due to local undulations (road harmonics) of a hybrid sys 
tem's fuel economy. 
0047 Referencing FIG. 5, a system 500 includes a hybrid 
drive system having an internal combustion engine 102 and a 
non-combustion motive power source 504. The internal com 
bustion engine 102 is any type of internal combustion engine 
known in the art. An example engine 102 is a diesel engine. 
The engine 102 may be a gasoline engine, natural gas engine, 
turbine engine, etc. The non-combustion motive power 
source 504 includes any non-combustion motive power 
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source 504 known in the art. Example non-combustion 
motive power sources 504 include an electric motor, an elec 
tric motor-generator, an electric motor and electric generator 
as separate components, and a hydraulic motor. The internal 
combustion engine 102 and non-combustion motive power 
source 504 are motively coupled to a vehicle 502, for example 
with a driveline 106 coupled to a load 118 (e.g. one or more 
driving wheels). 
0048. The system 500 includes an energy storage system 
510. The energy storage system 510 is operationally coupled 
to the non-combustion motive power source 504. Example 
energy storage systems 510 include a battery, a hyper-capaci 
tor, a flywheel, and/or a hydraulic accumulator. The energy 
storage system 510 and the non-combustion motive power 
source 504 provide power to or receive power from the load 
118. The energy storage system 510 provides power to the 
non-combustion motive power source 504 during periods 
where the non-combustion motive power source 504 is pow 
ering the load 118, and receives power from the non-combus 
tion motive power source 504 during periods where the non 
combustion motive power Source 504 is recovering energy 
from the load 118. 

0049. In certain embodiments, the system includes the 
vehicle 502 having a gross vehicle weight rating that exceeds 
26,000 pounds, where the engine 102 and the motive power 
source 504 are motively coupled to the vehicle 502. In certain 
embodiments, the system 500 includes at least one clutch 506 
that selectively couples the engine 102 and/or the motive 
power source 504 to the vehicle 502, the coupling being either 
individually or in conjunction. In the example system 500, the 
clutch 506 selectively couples the engine 102 to the driveline 
106, and the motive power source 504 includes an internal 
clutch (not shown) that selectively couples the motive power 
source 504 to the driveline 106. Accordingly, the system 500 
allows either the engine 102, the motive power source 504, 
both, or neither, to be coupled to the driveline 106 in response 
to commands from the controller 120. 
0050. The system 500 further includes a controller 120 
structured to functionally execute operations to improve the 
efficiency of the hybrid drive system. In certain embodiments, 
the controller 120 forms a portion of a processing Subsystem 
including one or more computing devices having memory, 
processing, and communication hardware. The controller 120 
may be a single device or a distributed device, and the func 
tions of the controller 120 may be performed by hardware or 
software. 

0051. In certain embodiments, the controller 120 includes 
one or more modules structured to functionally execute the 
operations of the controller. In certain embodiments, the con 
troller includes a workload definition module, an efficiency 
strategy module, and an efficiency implementation module. 
The description herein including modules emphasizes the 
structural independence of the aspects of the controller, and 
illustrates one grouping of operations and responsibilities of 
the controller. Other groupings that execute similar overall 
operations are understood within the scope of the present 
application. Modules may be implemented in hardware and/ 
or software on computer readable medium, and modules may 
be distributed across various hardware or software compo 
nents. More specific descriptions of certain embodiments of 
controller operations are included in the section referencing 
FIGS. 6 and 7. 

0052 Certain operations described herein include opera 
tions to interpret one or more parameters. Interpreting, as 
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utilized herein, includes receiving values by any method 
known in the art, including at least receiving values from a 
datalink or network communication, receiving an electronic 
signal (e.g. a Voltage, frequency, current, or PWM signal) 
indicative of the value, receiving a software parameterindica 
tive of the value, reading the value from a memory location on 
a computer readable medium, receiving the value as a run 
time parameter by any means known in the art, and/or by 
receiving a value by which the interpreted parameter can be 
calculated, and/or by referencing a default value that is inter 
preted to be the parameter value. 
0053 Referencing FIG. 6, an apparatus 600 includes an 
example controller 120. The controller 120 includes a work 
load definition module 602 that interprets duty cycle data 614 
for a motive power system for a vehicle having a plurality of 
motive power sources. Example duty cycle data 614 includes 
motive power system output data 626 taken over a relevant 
period, for example over a specified route and/or overa period 
of time (e.g. one day, three days, one week, etc.). The duty 
cycle data 614 may be simulated, modeled, estimated, and/or 
data taken during real-time operations. Example motive 
power system output data 626 includes power output data 
and/or torque output data. Motive power system output data 
626 includes, in certain embodiments, all of the motive power 
required to move the vehicle from the hybridpower system. In 
certain embodiments, the motive power system output data 
626 further includes power drawn from the hybrid power 
system to operate other vehicle features, including for 
example idling power, cab environment conditioning power, 
etc. 

0054. In certain embodiments, the workload definition 
module 602 further interprets the duty cycle data 614 in 
response to global positioning satellite (GPS) data 624. An 
example workload definition module 602 further interprets 
the duty cycle data 614 in response to stored route data and/or 
stored geographical data. In certain embodiments, the work 
load definition module 602 compares stored route data to 
present operations, either hybrid power system output values, 
or current positioning values from the GPS, to determine 
upcoming likely duty cycle data 614. In certain embodiments, 
the workload definition module 602 compares stored geo 
graphical data to a current positioning value from the GPS, 
and/or a current travel direction, to determine upcoming 
likely duty cycle data 614. 
0055. In certain embodiments, the workload definition 
module 602 interprets the duty cycle data 614 by performing 
a frequency component analysis 628 of the GPS data 624, the 
motive power system output data 626, and/or driveline load 
data. The frequency component analysis 628 may be any type 
of frequency component analysis known in the art, including 
for example a fast Fourier transform (FFT). As is known in the 
art, the frequency componentanalysis 628 produces a number 
of amplitude peaks each corresponding to a particular fre 
quency. An example analysis 628 provides a number of load 
amplitudes each corresponding to a frequency of the load 
amplitude produced. Amplitude values from the analysis 628 
may represent torque output values, power output values, 
altitude variation values, or output values for any other load 
related parameter. In certain embodiments, the workload 
definition module 602 provides a largest amplitude 630 from 
the frequency component analysis 628. 
0056. An example workload definition module 602 inter 
prets aboundary condition 620. The boundary condition 620 
includes any parameter known in the art that provides a con 
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Vergence limit for analysis, or any parameter that is otherwise 
desired or required for an acceptable solution set of load 
response operating conditions 616. Example and non-limit 
ing boundary conditions 620 include a battery state-of-charge 
(SOC) minimum, a battery SOC maximum, an energy accu 
mulator SOC minimum, an energy accumulator SOC maxi 
mum, a maximum speed, a time-to-destination value, a mini 
mum speed, and/or an estimated driving route. The estimated 
driving route includes a driving time, distance, route trajec 
tory of loads and/or altitude values, and/or any other values 
providing a route definition over which load response oper 
ating conditions 616 may have relative efficiency values 
determined. 

0057 The workload definition module 602 interprets an 
optimization criterion 622. The optimization criterion 622 
includes any parameter or parameters selected that relate to or 
define operational efficiency for the hybrid power system. 
Example and non-limiting optimization criterion 622 include 
internal combustion engine output distance from an optimal 
torque value, an internal combustion engine output distance 
from an optimal torque trajectory, a total system fuel 
economy, an internal combustion engine motive fuel 
economy, a battery incremental service life value, and/or a 
battery state-of-health incremental value. The optimization 
criterion 622 may be evaluated at each operating point of the 
system, and/or integrated or otherwise aggregated over the 
entire defined operating range, e.g. over the range defined by 
the boundary condition 620. 
0058 Referencing FIG. 8, a first operating point 806 is an 
example of an operating point including a torque value and a 
speed value according to one of the points indicated from the 
duty cycle data 614. In the example of FIG. 8, an internal 
combustion engine torque curve 802 is illustrated, and an 
example optimal torque trajectory 804 is illustrated. The opti 
mal torque trajectory 804 may be determined from brake 
specific fuel consumption values, or according to any other 
desired criteria. The example of FIG. 8 shows an internal 
combustion engine output distance 808 from an optimal 
torque value 810. The example of FIG. 8 also shows illustra 
tive internal combustion engine output distances 808, 812, 
816 from the optimal torque trajectory 804. The distance 816 
illustrates a shortest distance to the optimal torque trajectory 
804, which may be a geometrically shortest distance, a dis 
tance proportioned in the torque or speed dimension, and/or a 
distance along a constant power output line. The distance 812 
is the distance to the optimal torque trajectory 804 along a 
constant torque line. 
0059. The optimization criterion 622 may be a threshold 
value and/or an optimizable value. For example, the optimi 
Zation criterion 622 may include a value that, if met, does not 
provide further optimization benefit. In one example, a time 
to destination value may be a value which is a target value but 
which, if met, is not calculated to provide further benefit for 
the purposes of further adjustment to the load response oper 
ating condition 616. In another example, the optimization 
criteria 622 includes an optimizable value which may be 
improved to the extent available within the operating space of 
the load response operating conditions 616, and/or within the 
available computation time. In one example, a fuel efficiency 
value may be a value which is improveable to the extent 
available within the operating space of the load response 
operating conditions 616, and/or within the available compu 
tation time. 
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0060 An example controller 120 includes an operator 
interface module 612 that interprets an operator optimizing 
input 648, where the workload definition module 602 further 
interprets the optimization criterion 622 in response to an 
operator optimizing input 648. The inclusion of an operator 
interface module 612 provides an interface for an operator to 
provide the optimization criterion 622. The operator may be a 
vehicle operator, a fleet owner, an original equipment manu 
facturer, etc. 
0061. The controller 120 further includes an efficiency 
strategy module 604 that elects a load response operating 
condition 616 in response to the duty cycle data 614, the 
boundary condition 620, and the optimization criterion 622. 
The load response operating condition 616 is a parameter or 
selection that controls the load response of the hybrid power 
system. Example and non-limiting load response operating 
conditions 616 include a power division between the engine 
102 and the non-combustion motive power 104 source, a 
state-of-charge (SOC) for a battery or other energy accumu 
lator, speed targets for the vehicle, and/or any other load 
affecting parameter determined in response to the boundary 
condition(s) 620, the optimization criterion 622, and the duty 
cycle data 614. 
0062. In certain embodiments, the load response operating 
condition(s) 616 are determined according to the lowest fuel 
economy solution, or other optimization criterion 622, 
according to a model or simulation of the duty cycle data 614. 
The model or simulation of the duty cycle data 614 may be 
performed utilizing friction, air resistance, rolling resistance, 
and other considerations. An example model or simulation of 
the duty cycle data 614 includes utilizing equations such as 
equations 1 through 6 preceding, which may be utilized in 
conjunction with frequency and amplitude data from a fre 
quency component analysis 628. In certain further embodi 
ments, an amplitude and frequency are selected from the 
largest amplitude 630 from the frequency component analy 
sis 628. The selected solution of the model or simulation is 
constrained by the boundary condition(s) 620. 
0063. In certain embodiments, the efficiency strategy 
module 604 further determines an operator behavior recom 
mendation 650 in response to the duty cycle data 614, the 
boundary condition 620, and the optimization criterion 622. 
The example controller 120 further includes an operatorinter 
face module 612 that provides the operator behavior recom 
mendation 650 to an output device. The operator behavior 
recommendation 650 includes any parameter provideable as 
a motive power source operation adjustment 618, including at 
least a speed target for the vehicle. Example output devices 
include a dashboard device, a driver report, a communication 
to a handheld or mobile device, a datalink communication, 
and/or a stored value accessible on a network in communica 
tion with the controller 120. Without limitation, intended 
recipients of the operator behavior recommendation 650 
include a vehicle operator, a vehicle operator Supervisor, a 
fleet dispatcher, a fleet owner or manager, an engine manu 
facturer, a vehicle manufacturer, and/or an original equip 
ment manufacturer. 

0064. The controller 120 further includes an efficiency 
implementation module 606 that adjusts operation of at least 
one motive power source of the motive power system in 
response to the operating condition 616. An example effi 
ciency implementation module 606 provides a motive power 
source operation adjustment 618 to adjust the operation of the 
at least one motive power source. In certain embodiments, the 
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efficiency implementation module 606 adjusts the operation 
of the engine and/or a non-combustion motive power Source 
in response to a largest amplitude 630 of a frequency compo 
nent of the frequency component analysis 628. Example 
adjustments of the operation of the engine and/or the non 
combustion motive power source include a target speed 
change, a governor droop adjustment, an engine/motor output 
apportionment adjustment, a battery SOC target adjustment, 
an energy accumulator SOC target adjustment, an engine 
torque limit, and a transmission gear ratio command. 
0065. A governor droop adjustment includes a change in a 
controlled speed of the engine or vehicle, and/or a change in 
a controlled torque output of the engine, without a change in 
the underlying target speed of the governor. For example, a 
cruise control governor may allow the controlled speed of the 
vehicle to be reduced slightly when the vehicle is climbing a 
hill, and to be increased slightly when the vehicle is going 
down a hill. In certain embodiments, the droop values of the 
governor may be increased or decreased relative to a baseline 
droop value in response to the determinations of the efficiency 
strategy module 604. In certain embodiments, increased fuel 
efficiency is realized with larger droop values, while abound 
ary condition 620 (e.g. a maximum vehicle speed, a maxi 
mum battery SOC, etc.) may constrain the droop values 
below the maximum fuel efficiency values. Any type of gov 
ernor (engine speed, vehicle speed, torque output, etc.) and 
any type of droop value may be subject to adjustment in 
response to the load response operating condition 616. 
0066. In certain embodiments, a change in engine speed 
will yield improved efficiency according to the optimization 
criterion 622. For example, referencing FIG. 8, at the operat 
ing point 806, an engine speed adjustment down to the speed 
814, without a change in torque, moves the engine operating 
point to the position 812 which lies on the optimal torque 
curve 804. The engine movement from the speed correspond 
ing to operating point 806 to the speed 814 may not be 
available, for example due to constraints with regard to 
vehicle speed and/or available transmission ratios. 
0067. In certain embodiments, a partial move toward the 
optimal torque curve 812 may be performed, along the engine 
speed and/or engine torque axis. For example, operating point 
816 may be available, corresponding to engine speed 817. 
Where excess power is developed, for example by increasing 
engine torque to operating point 810 along the same engine 
speed, the energy accumulation device may store the excess 
power, Subject to the storage constraints of the energy accu 
mulation device. The availability of engine movement from 
the operating point 806 is determined by the efficiency strat 
egy module 604. In certain embodiments, the efficiency 
implementation module provides a motive power Source 
operation adjustment 618 that is a transmission gear ratio 
command to implement the movement from the operating 
point 806. 
0068 An example efficiency implementation module 606 
includes adjusting the operation of the engine and/or the 
motive power source in response to a largest amplitude 630 of 
a frequency component of the frequency component analysis 
628. An example efficiency strategy module 604 determines 
an energy requirement 632 of the energy storage system in 
response to the largest amplitude 630. For example, the larg 
estamplitude 630 can be correlated to an amount of time the 
vehicle motive power requirement is greater than the engine 
maximum power deliverability, and/or greater than the engine 
optimal power deliverability (e.g. determined from the opti 
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mal torque curve 804), and the efficiency strategy module 604 
determines an energy requirement 632 that is an energy accu 
mulation device drain amount. Additionally or alternatively, 
the largest amplitude 630 can be correlated to an amount of 
time the vehicle motive power requirement is below the 
engine optimal power deliverability, and the efficiency strat 
egy module 604 determines an energy requirement 632 that is 
an energy accumulation device storage amount. In certain 
further embodiments, the efficiency strategy module 604 
compares the energy requirement 632 to a usable energy 
value 634 (e.g. a battery that utilizes only a fraction of the total 
charge capacity to avoid degradation, such a battery kept 
between 60% and 80% charged). 
0069. Where the usable energy value 634 is below the 
energy requirement 632, operational modification of the 
motive power sources may be adjusted to reduce the energy 
requirement 632 (e.g. reduce vehicle speed, increase the 
engine portion of the produced motive power, etc.) and/or a 
higher capacity energy accumulation device may be indi 
cated. Where the usable energy value 634 is greater than the 
energy requirement 632, the energy accumulation device is 
Sufficiently sized, and/or greater optimization within the con 
straints of the boundary condition(s) 620 may be available. 
Accordingly, in certain embodiments, the efficiency imple 
mentation module 606 adjusts the operation of the engine 
and/or the motive power source in response to comparing a 
usable energy value 634 of the energy storage system to the 
energy requirement 632. 
0070. In certain embodiments, the controller 120 includes 
an aftertreatment response module 608 that interprets an 
aftertreatment regeneration condition 638, and the efficiency 
strategy module 604 further elects the load response condi 
tion 616 in response to the aftertreatment regeneration con 
dition 638. An example efficiency strategy module 604 elects 
a load condition response 616, such that the efficiency imple 
mentation module 606 provides an aftertreatment command 
636 that delays an aftertreatment regeneration operation in 
response to an impending motive power system output 
increase 640. For example, where the aftertreatment regen 
eration condition 638 indicates that a thermally based after 
treatment regeneration event is desired, and the duty cycle 
data 614 (e.g. including GPS data 624) indicates an impend 
ing motive power system output increase 640, an example 
efficiency strategy module 604 delays the nominal triggering 
of the aftertreatment regeneration event to take advantage of 
the upcoming load-induced temperature increase of the after 
treatment system. 
0071. An example controller 120 includes a cooling com 
ponent response module 610 that interprets a cooling condi 
tion 642. An example efficiency strategy module 604 elects 
the load response condition 616 in response to the cooling 
condition 642. For example, a cooling condition 642 indicates 
that a Supplemental cooling device is required or imminently 
required (e.g. operation of fan), and the duty cycle data 614 
indicates that an impending motive power system output 
decrease 646 is present. In the example, an efficiency strategy 
module 604 provides a load response operating condition 616 
such that the efficiency implementation module 606 provides 
a cooling command 644 to delay operation of the Supplemen 
tal cooling device to take advantage of the upcoming load 
induced temperature decrease of the engine coolant. 
(0072 An example apparatus 700 includes a controller 701 
having a duty cycle description module 702 that interprets a 
powertrain load variation amplitude 708 and an internal com 
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bustion engine output profile 716. In certain embodiments, 
the powertrain load variation amplitude 708 is determined 
according to defined or recorded duty cycle data for motive 
power for a vehicle. In certain embodiments, the powertrain 
load variation amplitude 708 is determined from frequency 
component analysis 710 of a motive power output require 
ment 714, from load data, from GPS data, and/or from vehicle 
route data. In certain embodiments, the powertrain load varia 
tion amplitude 708 is determined from one or more of the 
largest amplitudes 712 from the frequency component analy 
sis 710. The controller 701 further includes an optimization 
opportunity module 704 that determines an engine output 
differential 726 in response to the powertrain load variation 
amplitude 708 and the internal combustion engine output 
profile 716. In certain embodiments, the controller 701 fur 
ther includes a hybrid planning module 706 that provides an 
energy accumulator sizing parameter 718 and/or an alternate 
motive power provider sizing parameter 720 in response to 
the engine output differential 726. 
0073. In certain embodiments, the optimization opportu 
nity module 704 further determines the engine output differ 
ential 726 in response to a difference between a motive power 
output requirement 714 and a target engine power output 722 
and/or a maximum engine power output 724. For example, 
referencing FIG. 8, at the operating point 824, the motive 
power output requirement 714 is greater than both the maxi 
mum engine power output 724 (e.g. along the torque curve 
802) and the target engine power output 722 (e.g. along the 
optimal engine torque curve 804). Accordingly, the engine 
output differential 726 may be either the distance 826 to the 
maximum engine power output 724 or the distance 828 to the 
target engine power output 722. The distances 826,828 are 
the shortest distances to the operating point 824, and are along 
isochronous lines. However, the distances may be measured 
by other criteria, including for example along constant power 
lines or according to any other desired criteria. 
0074 The engine output differential 726 provides a value 
for determining the contributions of the non-combustion por 
tion of the hybridpower system. In one example, the absolute 
power contribution required (e.g. from the size of the engine 
output differential 726) assists in determining the alternate 
motive power provider sizing parameter 720. The energy 
accumulation required (e.g. from the integrated engine output 
differential 726 over a period determined with reference to 
the powertrain load variation amplitude 708) assists in deter 
mining the energy accumulator sizing parameter 718. The 
engine output differential 726 may be a positive or negative 
value, in that any sign convention may be utilized, and also in 
that the motive power output requirement 714 being greater 
than the target engine power output 722 or the maximum 
engine power output 724 may have a first sign value, and the 
motive power output requirement 714 being less than the 
target engine power output 722 or the maximum engine 
power output 724 may have a second sign value. 
0075 An example hybrid planning module 706 adjusts the 
target engine power output 722, providing an adjusted target 
engine power output 728, in response to the target engine 
power output 722 exceeding the motive power output require 
ment 714. For example, referencing FIG. 8, at operating point 
806 the motive power output requirement 714 is below the 
target engine power output 722. An example hybrid planning 
module 706 adjusts the target engine power output 722 to 
operating point 810 (isochronous), operating point 816 (ap 
proximately constant power), operating point 812 (constant 
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torque), or some other selected operating point. In the 
example referencing FIG. 8, another example hybrid plan 
ning module 706 adjusts the target engine power output 722 
by changing an engine rating such that an updated internal 
combustion engine output profile 716 provides an optimal 
torque curve 804 that falls on the operating point 806 (e.g. 
identifying that a presently designed engine rating may be 
greater than is required for the planned duty cycle of the 
vehicle). Additionally or alternatively, the hybrid planning 
module 706 may provide a transmission request for a trans 
mission change or update having a gear ratio that moves one 
or more operating points from the planned duty cycle closer to 
the optimal torque curve 804. 
0076 An example optimization opportunity module 704 
includes providing the engine output differential 726 includ 
ing the entire motive power output requirement 714 in 
response to an operating condition where the target engine 
power output 722 exceeds the motive power output require 
ment 714. For example, referencing FIG. 8 at operating point 
818, the motive power output requirement 714 is below the 
optimal torque curve 804. An example optimization opportu 
nity module 704 provides the engine output differential 726 
as the distance 822 to an engine power level of Zero, i.e. 
provides the engine output differential 726 as the entire 
motive power output requirement 714. Accordingly, at the 
operating point 818, operating at engine speed 820, fueling is 
stopped in the engine and the entire motive power is provided 
by the alternative non-engine motive power source. In certain 
embodiments, the entire motive power is provided by the 
alternative non-engine motive power source even where the 
motive power output requirement 714 is equal to or exceeds 
the target engine power output 722. Such as at low engine 
speeds where an alternative non-engine motive power source 
is fully capable of providing the full motive power, and where 
Sufficient energy accumulation is available. 
0077. In certain embodiments, the alternate motive power 
provider sizing parameter 720 includes a power rating of an 
electric motor and/or a hydraulic motor. An example engine 
output differential 726 includes an accumulated motive 
energy value, for example an integrated difference between 
an operating point 806 and the optimal torque curve 804 over 
a period of time. In certain embodiments, the energy accu 
mulator sizing parameter 718 includes a stored energy rating, 
and/or a usable stored energy rating, of an energy accumula 
tion device. An example apparatus includes the energy accu 
mulation device being an electric battery, a hydraulic accu 
mulator, a flywheel, a compressed fluid reservoir, and/or a 
hypercapacitor. 
0078. An example system includes a controller structured 
to perform operations to interpret an internal combustion 
engine performance definition. The internal combustion 
engine performance definition includes information Suffi 
cient to model engine torque and speed performance against 
a duty cycle description, and in certain embodiments includes 
an engine torque curve and/oran engine optimal torque curve. 
The example controller performs a frequency component 
analysis of a load description of a motive power system 
including the internal combustion engine to interpret a pow 
ertrain load variation amplitude for the motive power system. 
The controller determines an engine output differential in 
response to the powertrain load variation amplitude and the 
internal combustion engine performance definition. The con 
troller further provides an energy accumulator sizing param 
eter in response to the engine output differential. 
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0079. The system further includes a vehicle motively 
coupled to the motive power system, the motive power system 
including a non-combustion motive power Source coupled to 
an energy accumulator, where the energy accumulator is 
sized in response to the energy accumulator sizing parameter. 
An example system further includes the motive power system 
having an electric motor, where the energy accumulator 
includes a battery. Another example system includes the pow 
ertrain load variation amplitude being a largest amplitude 
from the frequency component analysis. Yet another example 
system includes the load description of the motive power 
system being vehicle altitude data and/or motive power sys 
tem output data. Yet another example system includes the 
controller further determining a rating of the non-combustion 
motive power source in response to the engine output differ 
ential, where the non-combustion motive power source is 
sized in response to the rating of the non-combustion motive 
power source. In certain embodiments, the vehicle is a vehicle 
having a gross vehicle weight rating greater than 26,000 
pounds. 
0080. The schematic flow descriptions which follow pro 
vides illustrative embodiments of performing procedures for 
improving a hybrid power system efficiency. Operations 
illustrated are understood to be exemplary only, and opera 
tions may be combined or divided, and added or removed, as 
well as re-ordered in whole or part, unless stated explicitly to 
the contrary herein. Certain operations illustrated may be 
implemented by a computer executing a computer program 
product on a computer readable medium, where the computer 
program product comprises instructions causing the com 
puter to execute one or more of the operations, or to issue 
commands to other devices to execute one or more of the 
operations. 
0081. An example procedure includes an operation to 
interpret duty cycle data for a motive power system for a 
vehicle having a plurality of motive power Sources, an opera 
tion to interpret a boundary condition, and an operation to 
interpret an optimization criterion. The procedure further 
includes an operation to elect a load response condition in 
response to the duty cycle data, the boundary condition, and 
the optimization criterion. The procedure still further 
includes an operation to adjust the operations of at least one of 
the motive power sources in response to the load response 
condition. 
0082 An example procedure further includes an operation 
to interpret the duty cycle data by performing a frequency 
component analysis on global positioning satellite (GPS) data 
and/or motive power system output data. Another example 
procedure includes an operation to interpret the duty cycle 
data by performing a frequency component analysis of 
vehicle altitude data. Example operations to adjust the opera 
tion of one of the motive power sources include changing a 
target speed, adjusting a governor droop, adjusting a motive 
power system output apportionment between the number of 
motive power sources, adjusting a battery SOC target, adjust 
ing an energy accumulator SOC target, adjusting an engine 
torque limit, and commanding a transmission gear ratio 
change. 
0083. Another example operation includes interpreting 
the boundary condition by performing at least one of the 
operations including determining a battery state-of-charge 
(SOC) minimum, determining a battery SOC maximum, 
determining an energy accumulator SOC minimum, deter 
mining an energy accumulator SOC maximum, determining 
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a maximum speed, determining a time-to-destination value, 
determining a minimum speed, and/or determining an esti 
mated driving route. Another example operation includes 
interpreting the optimization criterion by performing at least 
one of the operations including determining an internal com 
bustion engine output distance from an optimal torque value, 
determining an internal combustion engine output distance 
from an optimal torque trajectory, determining a total system 
fuel economy, determining an internal combustion engine 
motive fuel economy, determining a battery incremental Ser 
Vice life value, and/or interpreting an operator input. The 
operations in the example procedure may be performed in 
real-time on a vehicle during operations, and/or may be per 
formed in simulated conditions. 
I0084 Yet another procedure includes an operation to 
interpret a powertrain load variation amplitude and an inter 
nal combustion engine output profile. The procedure includes 
an operation to determine an engine output differential in 
response to the powertrain load variation amplitude and the 
internal combustion engine output profile, and an operation to 
provide an energy accumulator sizing parameter and/or an 
alternate motive power provider sizing parameter in response 
to the engine output differential. In certain embodiments, the 
operation to interpret the powertrain load variation amplitude 
includes performing a frequency component analysis of a 
load description. An example operation to perform the fre 
quency component analysis of the load description includes 
utilizing real-time vehicle data. An example operation 
includes providing the energy accumulator sizing parameter 
to an output device. 
I0085. In certain embodiments, the engine output differen 
tial includes an engine power deficiency. An example engine 
power deficiency includes a difference between a motive 
power output requirement and a target engine power output. 
In certain embodiments, the engine power deficiency 
includes an accumulated motive energy value. In certain 
embodiments, the energy accumulator sizing parameter 
includes a stored energy rating of an energy accumulation 
device. The operations of the example procedure may be 
performed at design time, for example from a simulation, a 
test vehicle, a prior generation vehicle, and/or a vehicle oper 
ating on a duty cycle route consistent with or related to a 
vehicle for which the hybrid power system is being designed. 
Additionally or alternatively, the operations of the example 
procedure may be performed in real-time on a first vehicle, 
and stored or communicated for later use in a Subsequent 
vehicle and/or in an upgrade of the first vehicle. 
I0086. It is evident from the figures and text presented 
above, a variety of embodiments according to the present 
disclosure are contemplated. 
I0087. One aspect of the present invention includes a driv 
eline load management system with a hybrid drive system 
including a fuel-driven motive power source, a nonfuel 
driven motive power source, and an energy storage system; 
and a controller structured to receive a route duty cycle data; 
determine an anticipated driveline load duty cycle in response 
to the route duty data; select an operating condition in 
response to the anticipated driveline load duty cycle; and 
provide an operating parameter in response to the current 
operating mode. 
I0088 Features of this aspect of the present invention 
include the hybrid drive system having an operator preference 
and the operator interface being structured to provide an 
indication to an operator in response to the current operating 
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mode. The indication provided to the operator may include a 
communication selected from a group consisting of prelimi 
nary operator behavior, Suggested behavior modifications, 
operator preference feedback, and combinations thereof. The 
current operating condition may include a mode selected 
from a group consisting of energy capture, energy return, 
energy capture and return, and combinations thereof. The 
route duty cycle data further includes an operator interface 
data, a geographical position data, a past duty cycle data, and 
an operating condition data. 
0089. In a further feature of this aspect of the present 
invention, the current operating condition may further 
include: a regenerative brake operation where the anticipated 
driveline load duty cycle is an energy capture event; a prepa 
ration operation in which the anticipated driveline load duty 
cycle is an energy return event and initiating further includes 
reducing a first torque contribution from the fuel driven 
motive power source to a driveline torque, Supplying the 
electrical motive power source with a quantity of energy from 
an energy storage system and Supplementing the driveline 
torque with a second torque contribution from the nonfuel 
driven motive power source: a boost operation in which the 
anticipated driveline load duty cycle is an energy return event 
and initiating further includes Supplementing a driveline 
torque with a torque contribution from the nonfuel-driven 
motive power source: a start-stop operation in which the 
anticipated driveline load duty cycle is an energy capture and 
return module and initiating further includes alternating 
between a capture mode of regenerative braking operation 
and a return mode of Supplementing a driveline torque with a 
torque contribution from the non-fuel-driven motive power 
Source; and a speed regulation operation in which the antici 
pated driveline load duty cycle is an energy capture and return 
module and initiating further includes operating a regenera 
tive braking operation, operating a boost operation and allow 
ing for Small deviations from a target speed range. 
0090 Another aspect of the present invention is a method 
including operating a hybrid drive system including a fuel 
driven motive power Source, an electrical motive power 
Source, an energy storage system, and a controller, receiving 
an operator interface data, a geographical position data, an 
past duty cycle data, and an operating conditions data; inter 
preting an operator preference; determining an anticipated 
energy event in response to the geographical position data and 
the past duty cycle data; and initiating an operating condition 
in response to the anticipated energy event, the operating 
conditions data and the operator preference. 
0091. Features of this aspect of the present invention 
include the anticipated energy event being an anticipated 
kinetic energy capture event and the current operating mode 
is an electrical energy storage mode or an energy Supply 
mode. A further feature includes the electrical energy storage 
mode converting a quantity of kinetic energy captured during 
the anticipated kinetic energy capture event into a quantity of 
electrical energy; and storing the quantity of electrical energy 
in the energy storage system. Yet a further feature includes the 
energy Supply mode Supplying a quantity of energy from the 
energy storage system to the electrical motive power Source 
where the electrical motor power source converts the quantity 
of energy from the energy storage system into a quantity of 
kinetic energy to be supplied to a drivetrain of a hybrid 
vehicle. 

0092. Yet another aspect of the present invention is a 
method including operating a hybrid drive system including a 
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fuel-driven motive power source, an electrical motive power 
Source, an energy storage system, and a controller, forecast 
ing a first current duty cycle in response to an operating 
conditions data; anticipating a future duty cycle in response to 
a geographical position data and a past duty cycle data; oper 
ating the hybrid drive system in response to the first current 
duty cycle and the future duty cycle; and monitoring a second 
current duty cycle in response to operation of the hybrid drive 
system. 
0093. An example set of embodiments is a system includ 
ing a hybrid drive system including an internal combustion 
engine and a non-combustion motive power source. The sys 
tem includes an energy storage system and a controller struc 
tured to functionally execute operations to improve the effi 
ciency of the hybrid drive system. The controller interprets 
duty cycle data, a boundary condition, and an optimization 
criterion. The controller elects a load response operating con 
dition in response to the duty cycle data, the boundary con 
dition, and the optimization criterion. The controller further 
adjusts operations of the engine and/or the motive power 
Source in response to the operating condition. 
0094. In a further example the controller interprets the 
duty cycle data by performing a frequency component analy 
sis of driveline load data. An example includes adjusting the 
operation of the engine and/or the motive power source in 
response to a largest amplitude of a frequency component of 
the frequency component analysis. A still further example 
includes the controller determining an energy requirement of 
the energy storage system in response to the largest ampli 
tude, and adjusting the operation of the engine and/or the 
motive power source in response to comparing a usable 
energy value of the energy storage system to the energy 
requirement. 
0.095 An example system includes the boundary condi 
tions being a battery state-of-charge (SOC) minimum, a bat 
tery SOC maximum, an energy accumulator SOC minimum, 
an energy accumulator SOC maximum, a maximum speed, a 
time-to-destination value, a minimum speed, and/or an esti 
mated driving route. Another example system includes the 
optimization criterion being an internal combustion engine 
output distance from an optimal torque value, an internal 
combustion engine output distance from an optimal torque 
trajectory, a total system fuel economy, an internal combus 
tion engine motive fuel economy, a battery incremental Ser 
vice life value, and/or a battery state-of-health incremental 
value. 

0096. In certain embodiments, the controller interprets the 
optimization criterion in response to an operator input. 
Example adjustments of the operation of the engine and/or 
the motive power source include a target speed change, a 
governor droop adjustment, an engine/motor output appor 
tionment adjustment, a battery SOC target adjustment, an 
engine torque limit, and a transmission gear ratio command. 
An example system includes the motive power source being 
an electric motor, and the energy storage system being a 
battery and/or a hypercapacitor. Another example system 
includes the motive power Source being a hydraulic motor, 
and the energy storage system including a hydraulic accumu 
lator and/or a flywheel. In certain embodiments, the system 
includes a vehicle having a gross vehicle weight rating that 
exceeds 26,000 pounds, where the engine and the motive 
power source are motively coupled to the vehicle. In certain 
embodiments, the system includes at least one clutch that 
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selectively couples the engine and/or the motive power Source 
to the vehicle, the coupling being either individually or in 
conjunction. 
0097. In certain embodiments, the controller interprets the 
duty cycle data in response to GPS data. An example control 
ler further interprets the duty cycle data in response to stored 
route data and/or stored geographical data. 
0098. Another exemplary set of embodiments is an appa 
ratus including a workload definition module that interprets 
duty cycle data for a motive power system for a vehicle having 
a plurality of motive power sources, that interprets aboundary 
condition, and that interprets an optimization criterion. The 
apparatus further includes an efficiency strategy module that 
elects a load response operating condition in response to the 
duty cycle data, the boundary condition, and the optimization 
criterion. The apparatus further includes an efficiency imple 
mentation module that adjusts operation of at least one motive 
power source of the motive power system in response to the 
operating condition. 
0099. An example apparatus further includes the work 
load definition module interpreting the duty cycle data by 
performing a frequency component analysis of at least one of 
global positioning satellite (GPS) data and motive power 
system output data. An example apparatus further includes 
the efficiency implementation module further adjusting the 
operation of the engine and/or the motive power Source in 
response to a largest amplitude of a frequency component of 
the frequency component analysis. In certain embodiments, 
the apparatus includes an energy storage System operation 
ally coupled to at least one of the motive power sources, 
where the efficiency strategy module further determines an 
energy requirement of the energy storage system in response 
to the largest amplitude, and adjusts the operation of the at 
least one of the motive power Sources in response to compar 
ing a usable energy value of the energy storage system to the 
energy requirement. In certain embodiments, the motive 
power system output data includes power output data and/or 
torque output data. 
0100. An example apparatus includes the workload defi 
nition module further interpreting the duty cycle data in 
response to global positioning satellite (GPS) data, and/or 
further in response to stored route data and/or stored geo 
graphical data. An example apparatus further includes an 
aftertreatment response module that interprets an aftertreat 
ment regeneration condition, where the efficiency strategy 
module further elects the load response condition in response 
to the aftertreatment regeneration condition. A further 
example apparatus includes efficiency strategy module delay 
ing an aftertreatment regeneration operation in response to an 
impending motive power system output increase. 
0101 Another example apparatus includes a cooling com 
ponent response module that interprets a cooling condition, 
where the efficiency strategy module further elects the load 
response condition in response to the cooling condition. In a 
further embodiment, the efficiency strategy module prevents 
a fan engagement event in response to an impending motive 
power system output decrease. 
0102 An example apparatus includes an operator inter 
face module that interprets an operator optimizing input, 
where the workload definition module further interprets the 
optimization criterion in response to an operator optimizing 
input. Another example apparatus includes the efficiency 
strategy module further determining an operator behavior 
recommendation in response to the duty cycle data, the 
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boundary condition, and the optimization criterion, where the 
apparatus further includes an operator interface module that 
provides the operator behavior recommendation to an output 
device. 

(0103 Yet another set of embodiments is a method includ 
ing interpreting duty cycle data for a motive power system for 
a vehicle having a plurality of motive power sources, inter 
preting a boundary condition, and interpreting an optimiza 
tion criterion. The method further includes electing a load 
response condition in response to the duty cycle data, the 
boundary condition, and the optimization criterion. The 
method still further includes adjusting operations of at least 
one of the motive power sources in response to the load 
response condition. 
0104. An example method further includes interpreting 
the duty cycle data by performing a frequency component 
analysis on global positioning satellite (GPS) data and/or 
motive power system output data. Another example method 
includes interpreting the duty cycle data by performing a 
frequency component analysis of vehicle altitude data. Yet 
another example method includes adjusting the operations of 
one of the motive power sources by changing a target speed, 
adjusting a governor droop, adjusting a motive power system 
output apportionment between the plurality of motive power 
Sources, adjusting a battery SOC target, adjusting an energy 
accumulator SOC target, adjusting an engine torque limit, 
and commanding a transmission gear ratio change. 
0105. Another example method includes interpreting the 
boundary condition by performing at least one of the opera 
tions including determining a battery state-of-charge (SOC) 
minimum, determining a battery SOC maximum, determin 
ing an energy accumulator SOC minimum, determining an 
energy accumulator SOC maximum, determining a maxi 
mum speed, determining a time-to-destination value, deter 
mining a minimum speed, and/or determining an estimated 
driving route. Another example method includes interpreting 
the optimization criterion by performing at least one of the 
operations including determining an internal combustion 
engine output distance from an optimal torque value, deter 
mining an internal combustion engine output distance from 
an optimal torque trajectory, determining a total system fuel 
economy, determining an internal combustion engine motive 
fuel economy, determining a battery incremental service life 
value, and/or interpreting an operator input. 
0106 Yet another example set of embodiments is a 
method including interpreting a powertrain load variation 
amplitude and an internal combustion engine output profile. 
The method includes determining an engine output differen 
tial in response to the powertrain load variation amplitude and 
the internal combustion engine output profile, and providing 
an energy accumulator sizing parameter and/or an alternate 
motive power provider sizing parameter in response to the 
engine output differential. In certain embodiments, interpret 
ing the powertrain load variation amplitude includes perform 
ing a frequency component analysis of a load description. An 
example operation to perform the frequency component 
analysis of the load description includes utilizing real-time 
vehicle data. An example method includes providing the 
energy accumulator sizing parameter to an output device. 
0107. In certain embodiments, the engine output differen 

tial includes an engine power deficiency. An example engine 
power deficiency includes a difference between a motive 
power output requirement and a target engine power output. 
In certain embodiments, the engine power deficiency 
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includes an accumulated motive energy value. In certain 
embodiments, the energy accumulator sizing parameter 
includes a stored energy rating of an energy accumulation 
device. 

0108. Another example set of embodiments is an appara 
tus including a duty cycle description module that interprets a 
powertrain load variation amplitude and an internal combus 
tion engine output profile. The apparatus further includes an 
optimization opportunity module that determines an engine 
output differential in response to the powertrain load varia 
tion amplitude and the internal combustion engine output 
profile, and a hybrid planning module that provides an energy 
accumulator sizing parameter and/or an alternate motive 
power provider sizing parameter in response to the engine 
output differential. 
0109. In certain embodiments, the optimization opportu 
nity module further determines the engine output differential 
in response to a difference between a motive power output 
requirement and a target engine power output and/or a maxi 
mum engine power output. An example hybrid planning mod 
ule further adjusts the target engine power output in response 
to the target engine power output exceeding the motive power 
output requirement. 
0110. An example apparatus includes the engine output 
differential including the entire motive power output require 
ment at an operating condition where the target engine power 
output exceeds the motive power output requirement. In cer 
tain embodiments, the alternate motive power provider sizing 
includes a power rating of an electric motor and/or a hydraulic 
motor. An example engine output differential includes an 
accumulated motive energy value. In certain embodiments, 
the energy accumulator sizing parameter includes a stored 
energy rating of an energy accumulation device. An example 
apparatus includes the energy accumulation device being an 
electric battery, a hydraulic accumulator, a flywheel, a com 
pressed fluid reservoir, and/or a hypercapacitor. 
0111. Yet another exemplary set of embodiments is a sys 
tem including a controller that interprets an internal combus 
tion engine performance definition, performs a frequency 
component analysis of a load description of a motive power 
system including the internal combustion engine to interpret 
a powertrain load variation amplitude for the motive power 
system, and that determines an engine output differential in 
response to the powertrain load variation amplitude and the 
internal combustion engine performance definition. The con 
troller further provides an energy accumulator sizing param 
eter in response to the engine output differential. The system 
further includes a vehicle motively coupled to the motive 
power system, the motive power system including a non 
combustion motive power source coupled to an energy accu 
mulator, where the energy accumulator is sized in response to 
the energy accumulator sizing parameter. An example system 
further includes the motive power system having an electric 
motor, where the energy accumulator includes a battery. 
Another example system includes the powertrain load varia 
tion amplitude being a largest amplitude from the frequency 
component analysis. Yet another example system includes the 
load description of the motive power system being one 
vehicle altitude data and/or motive power system output data. 
Yet another example system includes the controller further 
determining a rating of the non-combustion motive power 
Source in response to the engine output differential, where the 
non-combustion motive power source is sized in response to 
the rating of the non-combustion motive power source. In 
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certain embodiments, the vehicle is a vehicle having a gross 
vehicle weight rating greater than 26,000 pounds. 
0112 While the invention has been illustrated and 
described in detail in the drawings and foregoing description, 
the same is to be considered as illustrative and not restrictive 
in character, it being understood that only certain exemplary 
embodiments have been shown and described and that all 
changes and modifications that come within the spirit of the 
inventions are desired to be protected. In reading the claims, 
it is intended that when words such as “a”“an,”“at least one.” 
or “at least one portion” are used there is no intention to limit 
the claim to only one item unless specifically stated to the 
contrary in the claim. When the language 'at least a portion” 
and/or "a portion' is used the item can include a portion 
and/or the entire item unless specifically stated to the con 
trary. 

1-33. (canceled) 
34. A method, comprising: 
interpreting a powertrain load variation amplitude and an 

internal combustion engine output profile; 
determining an engine output differential in response to the 

powertrain load variation amplitude and the internal 
combustion engine output profile; and 

providing one of an energy accumulator sizing parameter 
and an alternate motive power provider sizing parameter 
in response to the engine output differential. 

35. The method of claim 34, wherein the interpreting the 
powertrain load variation amplitude comprises performing a 
frequency component analysis of a load description. 

36. The method of claim 35, wherein the performing the 
frequency component analysis of the load description com 
prises utilizing real-time vehicle data. 

37. The method of claim 36, further comprising providing 
the energy accumulator sizing parameter to an output device. 

38. The method of claim 34, wherein the engine output 
differential comprises an engine power deficiency. 

39. The method of claim 38, wherein the engine power 
deficiency comprises a difference between a motive power 
output requirement and a target engine power output. 

40. The method of claim 38, wherein the engine power 
deficiency comprises an accumulated motive energy value. 

41. The method of claim 40, wherein the energy accumu 
lator sizing parameter comprises a stored energy rating of an 
energy accumulation device. 

42. An apparatus, comprising: 
a duty cycle description module structured to interpret a 

powertrain load variation amplitude and an internal 
combustion engine output profile; 

an optimization opportunity module structured to deter 
mine an engine output differential in response to the 
powertrain load variation amplitude and the internal 
combustion engine output profile; and 

a hybrid planning module structured to provide one of an 
energy accumulator sizing parameter and an alternate 
motive power provider sizing parameter in response to 
the engine output differential. 

43. The apparatus of claim 42, wherein the optimization 
opportunity module is further structured to determine the 
engine output differential in response to a difference between 
a motive power output requirement and one of a target engine 
power output and a maximum engine power output. 

44. The apparatus of claim 43, wherein the hybrid planning 
module is further structured to adjust the target engine power 
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output in response to the target engine power output exceed 
ing the motive power output requirement. 

45. The apparatus of claim 43, wherein the engine output 
differential comprises a motive power output requirement at 
an operating condition where the target engine power output 
exceeds the motive power output requirement. 

46. The apparatus of claim 42, wherein the alternate motive 
power provider sizing comprises a power rating of one of an 
electric motor and a hydraulic motor. 

47. The apparatus of claim 42, wherein the engine output 
differential comprises an accumulated motive energy value. 

48. The apparatus of claim 47, wherein the energy accu 
mulator sizing parameter comprises a stored energy rating of 
an energy accumulation device. 

49. The apparatus of claim 48, wherein the energy accu 
mulation device comprises at least one device selected from 
the devices consisting of an electric battery, a hydraulic accu 
mulator, a flywheel, a compressed fluid reservoir, and a 
hypercapacitor. 

50. A system, comprising: 
a controller structured to: 

interpret an internal combustion engine performance 
definition; 

perform a frequency component analysis of a load 
description of a motive power system including the 
internal combustion engine to interpret a powertrain 
load variation amplitude for the motive power system; 
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determine an engine output differential in response to 
the powertrain load variation amplitude and the inter 
nal combustion engine performance definition; and 

provide an energy accumulator sizing parameter in 
response to the engine output differential; and 

a vehicle motively coupled to the motive power system, the 
motive power system including a non-combustion 
motive power source coupled to an energy accumulator, 
the energy accumulator sized in response to the energy 
accumulator sizing parameter. 

51. The system of claim 50, wherein the motive power 
system includes an electric motor and wherein the energy 
accumulator comprises a battery. 

52. The system of claim 50, wherein the powertrain load 
variation amplitude comprises a largest amplitude from the 
frequency component analysis. 

53. The system of claim 50, wherein the load description of 
the motive power system comprises one of vehicle altitude 
data and motive power system output data. 

54. The system of claim 50, wherein the controller is fur 
ther structured to determine a rating of the non-combustion 
motive power source in response to the engine output differ 
ential, and wherein the non-combustion motive power source 
is sized in response to the rating of the non-combustion 
motive power source. 

55. The system of claim 50, wherein the vehicle has a gross 
vehicle weight rating greater than 26,000 pounds. 

c c c c c 


